ABSTRACT Oxygen is a fundamental element for all living organisms, and modifications in its concentration influence several physiological and pathological events such as embryogenesis, development and also aging. Regulation of oxygen levels is an important factor in neural stem cell biology (e.g. differentiation, growth and the capacity to generate more differentiated cells). Studies on neural stem cells in culture have deepened our knowledge of their survival, proliferation and differentiation pathways. However, traditional cell culture for neural stem cells is performed employing environmental oxygen levels of 20%, while the effective oxygen concentration in the developing and adult brain is significantly lower; this results in an important alteration of the in vivo conditions. Several data indicate that a so called "physiologic hypoxic condition" could strongly influence the growth of neural stem cells and their differentiation mechanisms both in vivo and in vitro. The present overview deals with the different mechanisms utilized by invertebrate and vertebrate organisms to respond to hypoxic conditions. It highlights how the adaptations and responses to different oxygen concentrations have changed along the developmental route and underlines the importance of oxygen concentration in neural physiology and differentiation, with a final hint to the involvement of hypoxia in brain cancer stem cells.
Oxygen is an essential element for most living organisms on earth, as it is a substrate for energy production and a regulator of cellular pathways. Evolutionary speaking, O 2 has changed its nature from being toxic to becoming fundamental for living organisms, -ver, this may not always be the rule, as hypoxic condition (which may be conventionally considered harmful and deleterious) could actually overwhelm normoxic conditions in certain circumstance. In general, hypoxia is considered as a condition in which the body as a whole (generalized hypoxia) or a region of the body (tissue hypoxia) lacks adequate oxygen supply. A mismatch between oxygen supply and its demand at the cellular level may result in a hypoxic condition. Mammalian species, but not only, have developed complex systems to provide every cell of their body with normal physiologic events, including neural stem cell differentiation and development "as reviewed in (Panchision, 2009 )". The vast majority of multi-cellular organisms needs oxygen for survival, even though excessive concentrations of this element can cause the formation of toxic and highly reactive species (named reactive oxygen species, ROS). Accordingly, oxygen homeostasis is maintained in mammals through rapid behavioural and long-term physiological responses; the latter require the hypoxia-inducible pathway, which is well conserved along all metazoans (Branicky and Schafer, 2008 ).
tion of a broad range of genes involved in maintaining biological homeostasis. The exposure to low levels of oxygen triggers a assembled from -subunits and from the constitutively expressed active hetero-dimer; both subunits are members of the basic and contain transactivation domains. The mRNAs encoding the subunits have been detected in human and several other mammal is strictly regulated by O 2 concentration in a way that the levels of -tially as O 2 of the post-transcriptional hydroxylation of the -subunit, which is regulated by post-translational prolyl hydroxylation of the oxygen-dependent degradation domain; prolyl hydroxylation directs the protein to proteosomal degradation via the interaction , docking it onto the multi-subunit proteolytic complex, which degrades ubiquitinstability has also been are induced by hypoxia, controlling the activity and stabilizing , providing an alternative mechanism for hypoxia-induced activation (Zhou et al., by NFkB, a Metazoans evolved sophisticated systems to ensure adequate oxygen supply to cells and tissues; they are able to sense when that may enhance oxygen delivery or promote survival in hypoxic environment. As organisms evolved along the evolutionary route also the mechanisms used to respond to variations in oxygen conditions changed. to better understand the effects of hypoxia in NSC growth, proliferation and differentiation, and to widen our knowledge about the mechanisms underlying hypoxia-driven responses, it may be useful to go through the most important studies dealing with hypoxia and neural physiology/differentiation. Compared to mammalian species, Drosophila Melanogaster is strongly tolerant to oxygen deprivation. A study evaluating the effect of hypoxia on neuronal excitability using neurons from embryonic Drosophila neurons in culture show a decrease in their excitability with hypoxia, 2) over several minutes, hypoxia induces a large hyper-polarization in Drosophila stress is similar in its effects on rat, but has opposite effects on Drosophila Drosophila neurons strongly during hypoxia; this could be a reason for the decrease in excitability. These data demonstrate that Drosophila neurons use different mechanisms when exposed to a critical stress like study using Drosophila reported that through the editing of ion channels, the enzyme adenosine deaminase (expressed almost exclusively in the adult central nervous system and for which there are mammalian homologues), is essential for adaptation to altered environmental stresses such as oxygen deprivation. The human hypoxia-inducible transcription factor together with its regulatory pathway is evolutionary conserved, and Caenorhabditis elegans hif-1 and vhl-1 genes encode homologs of in Caenorhabditis elegans, resulting from the stabilization of the in nervous system development depend on signalling through (2,5 ug/ml) , maintaining them in low density conditions (about 50-60% respect to confluence) (Cacci et al., 2007). cells. Even though not strictly related to neural stem cells, we will report data evaluating hypoxic effects on invertebrate neuronal systems. Although it is well known that genes can be regulated by low O 2 , it is neither clear how many genes are regulated by hypoxia nor is it known how many of these 2 deprivation. The role of oxygen reduction has been studied mostly for its effects on cation concentrations (e.g. K and Na), membrane potential and conductivity in neurons. Anoxia in the freshwater snail Planorbarius corneus doesn't modify ion concentrations in the neurons, and inhibition of oxygen uptake by ganglia doesn't affect the membrane potential hand, a study performed on neurons from the isolated central ring ganglia of the pond snail Lymnaea stagnalis shows that severe hypoxia reduces the activity of the intracellular cation co-transporter, leading to a reduction in excitatory hyper-polarization of the resting membrane potential and a decreased action of potential frequency. Evaluating B A regulation of the Eph receptor. Similar genetic pathways may lead to wrong human brain development under hypoxic conditions. Caenorhabditis elegans exhibits avoidance responses to hypoxia as well as hyperoxia; the hyperoxia avoidance is mediated by a distributed network of sensory neurons: nociceptive neurons, serotonergic neurons and oxygen-sensing neurons that express oxygen-binding soluble guanylate cyclases. Prolonged growth in activating hif-1 pathway; this activation of hif-1 by hypoxia shifts is constitutively active. The hif-1 pathway acts both in neurons and in gonadal endocrine cells that regulate oxygen preference; the hif-1 pathway in both neurons and non-neuronal cells, leading to reorganization of the neuronal circuit (Chang and Bargamann, 2008) . The use -logical needs and behavioural priorities; Caenorhabditis elegans in hypoxia and antioxidant enzymes in hyperoxia. In particular, adaptations to hypoxia and hyperoxia provide a rationale for the enhanced avoidance of hyperoxia after cultivation in hypoxia (Chang and Bargamann, 2008) . In Caenorhabditis elegans the molecular targets of egl-9/hif-1 that regulate cellular sensing are unknown, even though they may be several. The most evident effect of egl-9/hif-1 pathway is the reorganization of neuronal contributions to oxygen preference.
Fig.1. Schematic representation of the two most important pathways involved in oxygen sensing. In mammalian organisms oxygen homeostasis is maintained through rapid behavioural and long-term physiological responses that require the hypoxia-inducible factor (HIF) pathway. Another mechanism that regulates the adaptation to hypoxic conditions is represented by
in the environment can uncover alternative circuits within the called "less evolved organisms".
ganisms
or oligodendroglial cells. Unlike the predominantly neurogenic i.e. proliferating neuroblasts, and a small proportion of glial precursors), the neonatal i.e. neuroblasts that generate interneurons, and glial progenitors that generate astrocytes and oligodendrocytes) (as reviewed in Tonti et al., 2009) .NSCs can differentiate into neurons, astrocytes and oligodendrocytes. They undergo symmetric divisions, expanding the stem cell pool; subsequently, they initiate asymmetric divisions generating a committed neuronal precursor cell as well as another daughter cell identical to the parent. The committed neuronal cell may instead undergo one or more further symmetrical divisions before differentiation, and is therefore a precursor cell (analogue to the transit amplifying cells in many adult lineages) rather than a stem cell.
Under in vitro 
"Of mice and men"
Neurogenesis is also modulated by pathological conditions as it is increased by epileptic seizures, global ischemia, and brain trauma, as well as by conditions of oxygen deprivation. In The CNS has traditionally been viewed as a system with a very limited capacity for self-renewal and regeneration; however, in certain brain regions, NSCs exist and give rise to new neurons as part of an endogenous turnover mechanism. In the adult brain there are two regions where neurogenesis takes place throughout life: the subependymal or -through the rostral stream into the olfactory bulb where they complete their differentiation process. New neurons originating from the neurons have the capacity of migrating and integrating the pre-existing circuits of the CNS is mediated by the generation of cell-lineage restricted intermediate progenitors that produce only neurons (neuronal progenitors) and glial progenitors that produce only astroglial duced, yielding a greater number of precursors. The increase in cell number was observed during the proliferation phase when most of the cells were nestin-positive precursors; the increase in cell number was maintained after mitogen withdrawal when proliferation was overall vastly reduced (Studer et al., 2000) . Two 2 condition. Epo is produced in the brain as a part of the intrinsic hypoxia response and its receptors are expressed in areas of the CNS which continue to generate neurons throughout adulthood (Shingo et al., and adult mouse forebrains exposed to hypoxic conditions produced two-to three-fold more neurons together with an elevation in Epo gene expression. It seems that Epo acts directly on NSCs, promoting the production of neuronal progenitors at the expense of multipotent progenitors; this process is associated et al.,
In vivo studies also demonstrate that Epo regulation of NSC-dependent neurogenesis in the olfactory bulb does not only regulate neuron output, but it rather regulates the relative number of NSCs and neuronal progenitors (Shingo et al., to the neuronal lineage.
There are several factors released during hypoxia that can stimulate neurogenesis in vitro for NSC viability and function; the cells of the nervous system are capable of sensing changes in oxygen tension, and oxygen changes have complex but poorly understood effects on precurrespectively). Oxygen values in the CNS are similar among all 2 level of the be an important component of the NSC niche, as oxygen sensing is integrated into the normal regulatory pathways for NSC proliferation and fate choice "as reviewed in (Panchision, 2009)". Traditional NSC culture is performed in non-physiologically high O 2 concentration; in fact, standard tissue culture incubator condi-2 environment. On these basis, many studies have been performed to evaluate the effects of culturing CNS progenitor cells in "physiological" lowered O 2 levels, as well as in different oxygen conditions (e.g. intermittent hypoxia, acute hypoxic conditions, which consists of exposing cells/tissues to low hypoxia is referred to as an exposure to low oxygen condition lasthypoxia chambers, where cells are kept in these conditions from been performed with intermittent hypoxia: the most utilized models correspond to repeated episodes of hypoxia, lasting from a few seconds to a few hours interspersed with episodes of normoxia. The actual protocols used for intermittent hypoxia vary greatly in cycle length, number of hypoxic episodes per day and number of days. Regardless of the protocol, the compelling outcome is that these repeated episodes of hypoxia elicit persistent changes in a variety of physiological responses, suggesting that there is a exposure to hypoxia.
in embryonic mouse cortical cultures and in adult -ture and immature neurons (Jin, et al., 2002b) . neurogenesis in mouse cerebral cortical cultures. and in neuroproliferative areas of the adult brain in vivo; it produced biological effects via c-kit activation, leading to receptor homo-dimerization and autophosphorylation, and stimulating signal transduction pathways involving Src, JAK/STAT, and Ras-Rafkinase (Jin et al 2 condition on cortical neuron survival and development is associated that neurons themselves are the source of the useful secreted factors. So, rather than harming neurons, hypoxia enhances survival of embryonic cortical neurons, improving neuronal viability and robust neuronal dendritic development, indicating that oxygen tension may be an important compo-nent of the NSC niche (Jin, et al., 2002a) . Regional progenitors 2 ), and intermittent hypoxia indudifferent NSC sub-types.
To evaluate whether mild hypoxia may be useful for expansion of embryonic NPCs in vitro may be the causative molecule in this process (as downstream targets of hsp90 in- in proliferation, survival and dopaminergic differentiation in vitro, as well as survival of murine dopaminergic neurons in vivo was conditionally inactivated knock-out NPCs and dopaminergic differentiation in vitro was markedly reduced, et al may be a transcription factor relevant to the development and survival of dopaminergic neurons involving in some way regulates the differentiation and production of dopaminergic neurons (Kim et al., 2008) 2 2 ) might promote dopaminergic differentiation in the proliferation but not in the differentiation phase (Zhang et al production of dopaminergic neurons from precursor cells (e.g. for transplantation in Parkinson's disease), it has been shown that murine mesencephalic neurospheres were viable and proliferated, preserved telomerase activity, pluripotency and dopaminergic 2 , whereas exposing these 2 prohibited long-term expansion (Milosevic et al., apoptosis were differentially regulated in these midbrain-derived -leterious effects on the self-renewal capacity of mesencephalic neural precursors, possibly accelerating maturation and senessuch as dopaminergic differentiation of CNS precursors in vitro.
Culturing NSCs in reduced oxygen environment revealed an essentially uniform sympathoadrenal lineage capacity. The effect of decreased oxygen concentration in increasing tyrosin hydroimmature sympathoadrenal progenitors) may be mediated by the , 2008) . In contrast to low oxygen concentrations, anoxia (i.e. and neural differentiation of the NSCs, and rather increased cell
Neural stem cell survival
A challenge in culturing primitive NSCs is trying to reduce the extensive cell death that occurs when these cells are placed into minimal, serum-free conditions. A potential method for alleviating cell death in embryonic-derived NSCs is the use of low-oxygen conditions which has positive effects on survival and proliferation. In this respect, it isimportant whether low oxygen culture for embryonic-derived NSCs may attenuate cell death when the stem cells are placed into the neural colony-forming assay. Primitive NSCs (clonally derived from embryonic stem cells) are normally subject to caspase9-dependent apoptosis (as well as glial and oligodendrocyte progenitors were not generated in oligodendrocyte progenitors are more susceptible to apoptosis at important implications for optimizing ex vivo production methods for cell replacement therapies (Chen et al The effect of anoxia on cell survival was studied on adult rat NSC in vitro, with a reduction of caspase activity and an increase in proliferation, cell number and NSC, resulting in a highly stimulating environmental factor (Bürgers et al., 2008) .
Taking into consideration hypoxic preconditioning (i.e. a transient phenomenon induced by brief episodes of sub-lethal hypoxia that activates various endogenous trophyc signals), sub-lethal in vitro of neurally-differentiating embryonic stem cells to apoptotic death. 
Neural precursor cell migration
An interesting topic is if and how hypoxia-induced astrocytes could affect the migration of NPCs and the possible expression of in a time-dependent manner in rat astrocytes exposed to hypoxia, and the time peak of expression of these chemokines was similar to the time point of maximum NPC migration. When the chemokines were inhibited independently, NPC migration was reduced while when they were inhibited together, NPC migration was more strongly inhibited, suggesting that soluble factors released from 2 ) circumstances (Xu et al
Hypoxia in human neural stem cells
commonly used as models to study the differentiation and development of neural cells in vitro 2 ) proteins and activates the expression marker genes and up-regulates genes expressed during normal development of the neural crest, apparently causing dedifferentiation. Many of the genes expressed in hypoxic neuroblastoma cells determine the presence of stem cell features, such as selfrenewal, survival and migration. Although the initiating molecular events leading to dedifferentiation have not been explored, the hypoxia-induced expression of Id2, Notch-1 and HES-1 has been suggested to contribute to the hypoxia-provoked dedifferentiation of neuroblastoma cells and the development of a non-neuronal phenotype (Jögi, et al., phenotype and gain of stem-cell characteristics. Neuroblastoma , and hypoxia-induced genes (e.g. could be transcriptionally active at at this normoxic condition is to a certain extent determined by (Axelson et al -levels in response to oxygen deprivation (protein stabilization and increased transcription, respectively) may these proteins.
In vitro nestin of the precursors to generate all three CNS lineages. Raising differentiation even in the presence of mitogens. When induced to differentiate by mitogen withdrawal, precursors expanded in et al demonstrate that the multi-lineage competence of human CNS precursors and the selective differentiation of oligodendrocytes are regulated by dynamic changes in oxygen tension: lower oxygen tension maintains and expands nestin-positive precursors that exhibit enhanced stem cell properties, while higher oxygen ten-are generated from human CNS precursor cells grown in lowered oxygen and an enhanced differentiation of these cells is found CNS precursors and oligodendrocyte fate at multiple stages, suggesting that regulating oxygen may be critical to cell replacement for demyelinating disorders.
can also be activated by non-hypoxic factors; on theses basis, several hypoxia-mimetics (such as deferoxamine, ciclopiroxolamine, cobalt chloride, etc.) were evaluated for their capacity to enhance in vitro proliferation, neurogenesis and dopaminergic differentiation of human foetal mesencephalic NPCs. and promote neurogenesis in vitro, and iron depletion by chelators mimics hypoxia in NPCs (Milosevic et al., 2009) . Pharmacological stabilization may cause a variety of biological effects on ex vivo expanded human neural progenitor cells setting the bases for important future therapeutic applications.
Neural stem cells constitute a promising source of cells for the treatment of several neurological diseases. A great promise is held for their transplantation concerning Parkinson's disease; however, a protocol for controlled dopaminergic differentiation 2 ) enhances dopaminergic differentiation and survival of NSCs in human ventral mesencephalic stem cell line. Dopaminergic neurons experience a higher level of oxidative stress due to the formation of free radicals and other reactive oxygen species, suggesting -tions. Noteworthy is the discovery that in low-oxygen conditions a glia-like stem population of the carotid body proliferates and generates new dopaminergic neurons, representing in vivo neurogenesis from adult stem cells derived from the neural crest. The cells extracted from the carotid body and cultured under hypoxic conditions express the progenitor marker nestin and proliferate to form multicell spheres where a small percentage of these same response as normal glomus cells: hypoxia causes them to become depolarized (a lineage resembling that of CNS stem cells) and to secrete dopamine, indicing that neurogenesis of the carotid body requires hypoxia. (Krabbe et al., 2009) .
Notch and HIF-1 tango together in hypoxic response
Notch signalling has been catching up as another important pathway that might contribute to the development of a dedifferentiated hypoxic phenotype. In many cell types, active Notch signalling is associated with immature, proliferating cells, and it leads to the down-regulation of differentiation-promoting factors Notch-dependent manner, activating Notch-responsive promoters and increasing expression of Notch direct down-stream genes et al response, hypoxia acts by altering the stability and activity of -; there is a physical and Notch intracellular domain. These under hypoxia that , once stabilized by hypoxia, interacts with Notch enhancing the transcriptional activity of the is strong evidence for a mechanism of cross talk between Notch signalling pathways, and the link between hypoxia and Notch-mediated signalling events have been implicated (Zhang et al., 2008) .
Along the route of hypoxia
highly conserved across species from lower organisms to higher animals. In comparison to evolved vertebrates, less evolved species are able to better survive in hypoxia/anoxia conditions. The pleiotropic nature of these responses suggests a lineagedependent component of how oxygen regulates neural cells since the effects of changing oxygen tension have not been or on distinct CNS precursor subtypes within the same tissue.
ved among mammalian species and invertebrate organisms (e.g. Drosophila Melanogaster and Caenorhabditis elegans), -egl9, whereas the genomes of higher metazoans contain three paralogous PHD genes (Kaelin and Ratcliffe, 2008). Multi-cellular organisms need to maintain oxygen homeostasis during development, and in particular during -single HIF homolog is compatible with several developmental processes, even though such animals are vulnerable to hypoxia. egl9 may lead to more important developmental abnormalities (Kaelin non-stressed conditions. These mechanisms are different from un-correct developmental processes, suggesting that hypoxia may act as a guiding signal, or that hypoxia pathways are coopted by other signals.
erythropoiesis, as well as cell survival and proliferation; it has been suggested that (apart from inducing pro-proliferative proteins responses with adverse effects on cell function by inducing celltransactivates a pathway that encompasses many physiological responses to hypoxia, ranging from mechanisms that increase cell survival to those inducing cell cycle arrest (Acker and Acker, in vivo adapt to condition of moderate hypoxia, leading to a continuous partial state of adaptation to physiological hypoxia compares with the properties of cultured neurons adapted to atmospheric oxygen tension has not been yet carefully examined. One possible mechanism is that excess oxygen induces free radical formation that promotes insult to the brain often linked to apoptotic cell death and cellular senescence. In this respect, recent studies implicate oxygen tension and redox state as regulators of neural precursor metabolism, survival and fate. In many cases, cell fate may involve a combination of ROS-mediated effects and altered intracellular oxygen/hypoxia-response signalling "as reviewed in (Panchision, -et al might be harmful for neural precursor and stem cells, initiating a variety of cellular events, including loss of proliferation, cell-cycle arrest, cell maturation, senescence and apoptosis.
are often considered hypoxic; however, in the case of brain cells, these conditions more closely simulate a physiological environment. Oxygen lowered to more physiological levels alters cultured CNS progenitors, providing marked trophic and proliferative effects on CNS precursors, and modifying developmental pathways and outcomes. O 2 levels much lower than those traditionally used in culture allow improved precursor cell proliferation and provide a seems to be an important factor contributing to the fate of NSCs; reduced oxygen levels maintain neural precursors in their undifferentiated state, while high oxygen concentrations induce cell-"as reviewed in (Panchision 2009"; Zhang et al oxygen tensions are a more physiologically relevant approach for in vitro analysis and manipulation of CNS precursors. Dynamic variation of oxygen tension may be a critical component in developing effective cellular therapies for demyelinating disorders, and endogenous oxygen-sensitive regenerative capacity in the CNS may suggest that clinical modulation of oxygenation after stroke may be important for stem cell recruitment and neurogestem cells, suggesting that a suitable level of hypoxia could be a useful tool for expansion of NPCs for ex vivo therapy and for a better understanding of neural developmental mechanisms "as et al., 2000) . 
What about hypoxia and brain cancer stem cells?
An important aspect that should be taken into consideration is cells. The "cancer stem cell theory" poses that cancers develop from a subset of malignant cells that possess stem cell charactercell charactercell characteristics, and has been proposed to account for the development of a variety of malignancies, including brain tumors. These cancer stem cells have characteristics of both stem and cancer cells: they have the properties of self-renewal, asymmetric cell division, resistance to apoptosis, independent growth, tumorigenicity and metastatic potential. To date, evidence indicates that brain tumours might derive from the transformation of undifferentiated precursor cells, which are found not only in germinal regions of the developing and early-postnatal CNS, but also in areas of the mature brain, in adult germinal, neural precursors might provide the origin of brain tumour stem cells indicates the presence of common regulatory -gressiveness and it has been causally linked to increased genomic can activity can block normal CNS precuret al suppresses mitotic arrest or apoptosis in a pre-existing primitive tumour cell population, rather than promoting dedifferentiation of mature cells, complementing evidence that cancer is caused by It has been suggested that progressively low oxygen tensions are more permissive for cancer stem cell survival and self-renewal; lower oxygen tension may synergize with mitotic signals, initiating a negative feedback of differentiation signals and reinforcing an environment for aggressive tumour growth "as reviewed in (Panchision 2009)". In fact, hypoxia alters the expression of differentiation marker genes in neuroblastoma cells, in that the tumour cells adjust to the hypoxic environment by down-regulating genes associated with a neuronal phenotype, and up-regulating genes associated with a neural-like phenotype. As there is a correlation in neuroblastoma between low stage of differentiation and aggressive clinical stage, it can be suggested that dedifferentiation of neuroblastoma cells in hypoxic tumour regions contributes to the malignancy of the tumour. The role of hypoxia has been also investigated in directed migration of NSCs tropism to glioma (Zhao et al., 2008) . On the other side, the Notch Fig. 8 the developing mammalian nervous system; during neocortical development, Notch signalling inhibits neuronal differentiation and maintains the neural stem/progenitor cell pool to allow neurogenesis. Notch plays important roles also in brain tumor biology; stem-like cells in brain tumors share many similarities with neural stem/ progenitor cells and may require Notch for their repair and growth (Zhang et al., 2008) . So the understanding of Notch signalling in neoplastic and non-neoplastic stem/progenitor populations will and stem cell biology, leading to more effective therapies for brain tumors (Pierfelice et al Increasing research demonstrated that certain cancers contain multipotent NSC-like cells with tumor-initiating ability, which may -tation to hypoxic stress and regulates genes involved in important biological processes. The expression of the DNA mismatch repair system is down-regulated in human stem cells cultured in hypoxia 2 ), which correlates with lower DNA repair activity in NSCs (Rodriguez-Jimenez, 2008) . So, a hypoxic microenvironment creates a hyper-mutagenic state in cancer cells, and leads to lower DNA repair activity in NSCs; on these bases, monitoring the status of DNA repair machinery in hypoxic conditions may contribute to better present and use cell therapies as promising nanomedicines.
In general, normal stem cells accomplish their self-renewal and differentiation capacities by asymmetric cell division, where the stem cell divides generating one stem cell with self-renewal capacity (maintaining a stable number of stem cells) and one daughter can increase their number dividing symmetrically, either because they reside in a polar environment and are exposed to different cues that induce alternative fates, or because genetic/epigenetic e.g., aberrant DNA methylation, abnormal RNA interference and chromatin remodelling). Cancer stem cells use different self-renewal strategies that allow modulation of their number, cell proliferation and tumour relapse. It is yet unknown if cancer stem cell homeostasis is maintained by asymmetric cell divisions, or by a strategy that uses symmetric cell division to balance cancer stem cells and a more differentiated progeny. Cancer stem cells use symmetric divisions at a much higher rate as compared to their normal counterparts to expand their pool or to generate more differentiated progeny. A pool of cancer stem cells with equivalent developmental potential may produce only new cancer stem cells in some divisions and only more differentiated progeny in others. Symmetric division may lead to developmental plasticity, enhanced growth and regenerative capacity as well as an increased risk of cancer. Cancer stem cells may use either symmetric division, or a combination of symmetric and asymmetric division; the choice between these possibilities may depend on the activation of different developmental -sive overview of hypoxic conditions and cancer stem cells, see et al it promotes the proliferation of NSCs from both the peripheral nervous system and CNS of mammalian organisms; lowered oxygen condition enhances neuronal, especially dopaminergic, differentiation of CNS precursors. These observations suggest that hypoxia can promote proliferation and modify the cell fate of NSCs, resulting useful for the expansion of NSCs for ex vivo cell therapy and for studying neural development (Mannello et al involved in neural stem cell-derived cancer, leading to the initiation, development, invasiveness of neural tumours. These results have culture conditions in order to maintain NSC in their physiological condition, thinking that what is normoxic for most cells, may not be underlying hypoxic responses in NSCs may be fundamental for optimizing ex vivo production methods for cell replacement approaches and for developing stem cell-mediated tumour-selective gene therapies.
